Gilles de la Tourette syndrome: a review M Lawden BM PhD John Radcliffe Hospital, Oxford ' In the time of Pope Pius II the following was the experience of one of us two inquisitors ... A certain Bohemian brought his only son, a secular priest, to Rome to be delivered, because he was possessed ... When he passed any church the devil made him thrust out his tongue; and when he was asked whether he could not restrain himself from doing this, he answered: "I cannot help myself at all, for so he uses all my limbs and organs, my neck, my tongue, and my lungs, whenever he pleases causing me to speak or to cry out; and I hear the works as if they were spoken by myself, but I am altogether unable to restrain them; and when I try to engage in prayer he attacks me more violently, thrusting out my tongue." ... And being asked why he would not go forth, he answered, "They all practise such and such things" naming the worst vice of lustfulness ... A venerable bishop, who had been driven from his see by the Turks, piously took compassion on him, and by fasting on bread and water for forty days, and by prayers and exorcisms, at last through the grace of God delivered him, and sent him back to his home rejoicing.' From Malleus Maleficarum (1486)1
Historical background It is easy to understand that a syndrome of continual involuntary movements and bizarre vocalizations often employing foul language must have appeared to the mediaeval mind as sure evidence of diabolical possession. The unfortunate priest referred to in the excerpt above' escaped burning by means of an apparently successful exorcism. It is probable that others were not so lucky.
A number of other early descriptions of possible cases of this syndrome survive. Stevens2 refers to the Prince de Conde, a nobleman at the court of Louis XIV, who suppressed his involuntary bark by stuffing objects into his mouth. The most tantalizing example is the case of Dr Samuel Johnson, recently examined by Murray3. Although the lexicographer eschewed all profanity, his continual muscular twitching and involuntary vocalizations frequently caused those meeting him anew to take him for a lunatic. Boswell4 describes Hogarth's first sight of the great man thus:
While he [Hogarth] was talking, he perceived a person standing at a window in the room, shaking his head, and rolling himself about in a strange ridiculous manner. He concluded that he was an ideot, whom his relations had put under the care of Mr. Richardson, as a very good man.'
Itards described the case of the Marquise de Dampierre who from the age of 7 until her death at 85 was afflicted with convulsive moments of the arms, neck, and face, and whose uncontrollable outbursts of barking and obscenity combined to turn her into a recluse.
Georges Gilles de la Tourette (1855-1909) joined the great neurologist Charcot at the Salpetriere in 1884. He had already shown interest in convulsive movement disorders by translating Beard's paper6 on the 'jumping Frenchmen of Maine' and it seems that Charcot directed him to study these disorders further. In 1885 Gilles de la Tourette published his classic description of the syndrome that now bears his name7. He described 9 cases of the disorder; 6 of his own patients, and 3 of other physicians, including the Marquise de Dampierre. His delineation of the clinical features was so accurate that it requires little modification to this day. In the light of the continuing controversy whether the Tourette syndrome has an organic or a psychological cause, it is interesting that Gilles de la Tourette insisted that it was a neurological disorder and not a form of insanity or psychiatric illness.
Georges Gilles de la Tourette's career after 1885 was tragically brief In 1893, while working in his office, he was shot by a paranoid young woman who believed herself to be under his hypnotic influence. One bullet caused serious brain damage and rendered him an invalid. He never worked again and died in 1909.
Clinical features
The disease has its onset in childhood or adolescence; for the 88 patients reviewed by Shapiro et al. 8 , the average age of onset was 7.2 years (range 2-16 years). In most cases the initial symptom is of involuntary tic-like movements, which are irregular and brisk. Lees et al.9 reviewed 53 patients and concluded that the face was most commonly affected with eye-blinking and grimacing, followed with diminishing frequency by more caudal parts of the body (Table 1) . About 50% of patients develop more complicated movements such as stamping, or uncontrollable touching of people or objects" -'O.
Abnormal vocalizations are eventually produced by all patients with true Gilles de la Tourette syndrome (TS), though this is rare as an initial symp-tom8'0. These could be meaningless grunts, barks, hisses, or whistles, or the production of formed words. The symptom ofcoprolalia (literally 'babbling about faeces') is seen in about 50% of cases" '.
Usually this consists of forced utterance of single obscenities, but rarely can take the form of elaborate phrases or sentences. Coprolalia spontaneously disappears in about one-third of patients later in life, though other features of the disease rarely remit8'10 Echolalia (the forced repetition of heard words or phrases) is only observed in 20% of cases and seems to have been given undue prominence by Gilles de la Tourette. There is a tendency for tics to spread rostrally to caudally, with vocal symptoms appearing later than motor ones"1"12 ( Table 2 ). This aside, the disease is not truly progressive, but pursues a fluctuating course throughout the patient's life. Complete remissions are rare, but the symptoms change over a period of months, both in severity and in the groups of muscles affected. Patients are usually able to suppress their symptoms for short periods, though this may be terminated by an explosive outburst. Symptoms disappear completely during sleep and sexual arousal, but are exacerbated by anxiety.
Gilles de la Tourette claimed that, aside from the disease symptoms, the neurological and mental states of the patients are quite normal and remain so. Indeed, the motor system, tics apart, is usually fairly normal; one TS patient is a successful sur-geon13. Recent studies, however, have shown that about half of TS patients have an attention deficit disorder8'14'5, that about half develop some degree of obsessive-compulsive behaviour and thought12 and that 'soft' neurological signs can be found in about 60% of patients8" 6"17 as compared to 20% of normal children. Most studies have found mild, nonspecific EEG abnormalities in about 50% of patientS8,17 -9 though others found a much lower incidence9 20.21. All agree that there is no evidence of paroxysmal EEG activity time-locked to the tics. Mild, nonspecific abnormalities (e.g. dilatation of one or both ventricles) were found in 38% of 16 patients on CT scanning in one recent study22, though Lees et al.9 found no such abnormalities. A preliminary study of cerebral metabolism using the F'8-labelled fluorodeoxyglucose positron emission tomographic method has revealed abnornally high metabolic activity in the basal ganglia and in certain portions of frontal and temporal lobes in five TS patients23.
Epidemiology and genetics Gilles de la Tourette syndrome is uncommon, but not truly rare, though it is probably underdiagnosed. Bruun24 estimates its prevalence in the USA as 0.05%, a figure that extrapolated to the UK would yield over 27 000 cases. Males are affected about three times as frequently as females8 and all racial groups are represented, though American studies have shown a disproportionately large number of cases amongst Ashkenazi Jews8'25'26.
Gilles de la Tourette considered the disease to be hereditary, and the prevalence of both true TS and the milder condition of chronic multiple tics is considerably higher amongst close relatives of TS patients than would be expected by chance8"5'27 32. TS tends to be concordant between identical twins33'34, but discordant between fraternal twins34. The position of the gene and its product remains unknown.
Neurophysiology
Opinion has long been divided over whether the symptoms of TS derive from organic neurological disease or from psychological factors. The two reported post-mortem studies showed no definitive pathological changes37 and the absence of evidence of organic pathology encouraged the formulation of psychoanalytic theories to account for the disease's curious symptoms38. These included inhibited aggression39 and defence against thumb-sucking40. Ferenczi4' considered the disease arose from 'narcissistic onanism' and concluded that 'a differential diagnosis of these motor symptoms is often only possible after prolonged psychoanalysis'. Others have classified the disease as a form of obsessionalcompulsive neurosis. The question whether or not the tics are truly automatic movements independent of the patient's will is difficult to investigate if the spectrum of willed movements is extended to include those performed at the imperatives of unconscious aspects of the patient's psyche, as psychoanalytic theory would seem to require. While TS patients may report that their tics are subjectively involuntary, this in no way excludes subconscious motivation. A more accessible question is whether the movements employ the same cerebral mechanisms as willed voluntary movements. This has recently been allowed his tics to occur spontaneously. The EMG response of the affected muscle was used to trigger an analysis of the EEG events before and after the tic. Average EEG records from the 6 patients are shown as the light traces in Figure 1 . In none of the patients was there any suggestion of a 'readiness potential' preceding the tic. In the second part of the experiment the patient was asked voluntarily to mimic the tic chosen for study. EEG records for mimicked tics are shown as the heavy traces in Figure 1 . In all but one of the patients a normal 'readiness potential' is clearly visible as an upwards movement of the trace immediately preceding the muscle jerk. A more sophisticated analysis revealed a small 'readiness potential' preceding the voluntary, but not the spontaneous jerks in the apparently anomalous patient WC. This elegant experiment provided the first evidence that the tics of TS differ physiologically from normal voluntary movements and suggests strongly that they are produced by different neural processes. Obeso et al. proposed that, as they could record no cortical activity preceding and time-locked to the tics, the tics have a subcortical origin. It would be most interesting now to extend this analysis to the vocal tics characteristic of TS.
Coprolalia
While the muscular and vocal tics of TS patients are immediately suggestive of an organic derangement of the motor system, coprolalia is more difficult to reconcile with organic pathology, though this symptom has also been observed after trauma45, carbon monoxide poisoning32, diffuse cerebrovascular dis-ease46, encephalitis lethargica47, and long-term neuroleptic therapy48. Why should obscenities be uttered out of proportion to other words?
Nuwer49 has recently observed that the coprolalic utterances of TS patients differ from the mundane cursing of everyday life in two respects. Firstly, they are typically loud, high-pitched, of bizarre cadence and imprecise enunciation. Secondly, the words employed do not reflect the usual range of expletives chosen by normal subjects under conditions of stress or frustration. English swear words fall naturally into two categories: physical obscenities related to sex and to bodily evacuation, and religious profanity. Normal subjects use a roughly equal mixture of these two types49. However, the coprolalic words used by TS patients are almost exclusively of the physical variety, religious profanity being most uncommon8 9'49. If coprolalia arose from some disorder of emotional regulation, be that organic or psychogenic, such a dichotomy would be unexpected. However, another possibility exists. The motor tics of TS resemble random fragments of motor programs. If the utterances of TS patients arose from an equivalent vocal tic process, randomly selecting and concatenating a small number of phonemes, what sort of words might this produce?
Bennett5" has developed computer programs that simulate such a process. A large sample of English prose is first analysed to estimate the relative frequencies of occurrence of individual letters (including the 'space' sign), either alone or in various strings. The computer then produces letter strings, choosing each letter randomly from a pool weighted by probabilities of occurrence. A firstorder process of this type weights the pool only by the observed probability of occurrence of individual letters. Thus 'space', 'e', 'o', and 't' occur most frequently. In a second-order process, each letter is chosen according to the probability of it following the preceding letter; to take an extreme example, 'q' WC 1) - would now always be followed by 'u'. A third-order process uses the probability of a letter following the preceding two letters, and so on. Clearly, the higher the order of the weighting process, the more likely it is to produce English words. Bennett50 was surprised to notice that in second and third order texts physical (though not religious) obscenities occur remarkably frequently (Table 4 ). A similar program using phonemes played through a loudspeaker also produced large numbers of obscenities. Bennett50 suggested that physical obscenities are high-probability sequences in the structure of English, and Nuwer49 suggested that coprolalia arises accidentally in TS patients by a random 'phonemic' tic. It is intriguing to speculate what results Bennett's program might have produced had the input text been Japanese prose, for coprolalia apparently occurs in only 4% of Japanese TS patients'6.
The above cannot be a complete explanation of coprolalia, as some patients produce elaborate obscene phrases or sentences, while others accompany their outbursts with obscene gestures (copropraxia). However, the fact that obscenities are much more noticeable to observers than other words and produce greater emotional response, might serve psychologically to mould an initially random tic process into one apparently preoccupied with obscenities.
Biochemistry
Since the discovery of a marked deficiency of dopamine in the basal ganglia of Parkinsonian patientss5, many neuropsychiatric conditions have been linked tentatively with neurotransmitter imbalances, TS being no exception. In the relative absence of pathological material in this condition, evidence has been collected by two routes: measurements of neurotransmitter metabolites in the CSF, and the effect of drugs on TS symptoms. Measurement of metabolites in CSF provides an indirect measure of the activity of individual trans-mitter systems in the CNS. Homovanillic acid (HVA) reflects the pooled activity of dopaminergic neurons; 5-hydroxyindoleacetic acid (5-HIAA) reflects serotonergic activity; 3-methoxy4-hydroxyphenylglycol (MHPG) reflects noradrenergic activity.
Three studies have been published52 -. Cohen et al.53'54 found significantly lower levels of both HVA and 5-HIAA in the CSF of 10 TS patients compared to controls after administration of probenecid (a drug that blocks the transport of monoamine metabolites from CSF). Butler et al. 52 found significantly lower baseline concentrations of HVA in their 9 TS patients than in controls. TS patients also showed a less significant trend towards lower 5-HIAA levels, but no difference was found in baseline levels of MHPG. Singer et al. 55 found baseline HVA levels in their 5 TS patients to be significantly lower than normal ranges for controls of similar ages reported by other investigators, though no such difference was observed in 5-HIAA or MHPG levels. After their patients had been treated with haloperidol for a mean of 4.9 months, CSF HVA levels had risen into the normal range in 4 of the 5 patients, all of whom showed clinical improvement.
Objections can be raised to these studies, particularly in the matter of choice of controls. In two studies52-54 the control groups were not normal subjects matched for age and sex, but patients with a variety of medical or psychiatric conditions, which might themselves affect metabolite concentrations. In the third study55 control data were obtained from a separate study by different investigators. Additionally drug treatment might confound results, though Singer's55 patients were either untreated or off haloperidol for at least 6 months. With these reservations the data are consistent with a reduced turnover of dopamine in the CNS of TS patients, and less convincingly with a decreased turnover of serotonin.
Pharmacology
Further evidence for the involvement of the dopaminergic system in TS comes from pharmacological studies. Effective chemotherapy for TS began in 1961 with successful treatment of single cases by halo-peridol56 57. Haloperidol is now the-first-line treatment for TS, eliminating or reducing symptoms in 80-90% of cases8"24.5860. However, sedation and extrapyramidal side effects prove intolerable in 10-20%. Other neuroleptics such as pimozide'6.59.61.62 and fluphenazine63'64 are as effective and may produce fewer side effects.
The rank order of the efficacies of different neuroleptics is well correlated with the relative abilities of these drugs to block the dopamine receptors of the D2 type65, suggesting that they may act by dopamine blockade, most probably in the basal ganglia. If this hypothesis is correct, it follows that drugs that stimulate dopamine receptors should exacerbate symptoms. This prediction has been amply confirmed. The symptoms of TS are provoked or worsened by methylphenidate66-70, amphetamine773, and pemoline74, all ofwhich promote synaptic release of dopamine; by L-dopa75,76, a dopamine precursor; and by bromocriptine77, a D2 receptor agonist. Drugs such as apomorphine and piribedil, that stimulate dopaminergic inhibitory autoreceptors, relieve TS symptoms71.
Caudate Nucleus Substantia Nigra This evidence suggests that decreasing dopaminergic transmission relieves TS symptoms. One possible explanation is that symptoms arise from overactivity in some part of the CNS dopaminergic system, leading to excessive transmitter release. However, this is difficult to reconcile with the biochemical evidence pointing to a decreased dopamine turnover in TS patients. An alternative explanation is that the primary dysfunction lies in hypersensitivity of post-synaptic dopamine receptors. In such a state the dopaminergic system might be functionally overactive, while homeostatic influences could simultaneously reduce dopamine turnover.
What of other transmitter systems in the CNS? The release of dopamine from nigrostriatal neurons inhibits the release of acetylcholine from intrastriatal neurons78 (Figure 2 ). If functional overactivity of dopaminergic transmission underlies TS, then the intrastriatal cholinergic system may be less than normally active. Drugs that amplify central cholinergic neurotransmission might then reduce some of the disease symptoms. Some workers have found that physostigmine (an inhibitor of acetylcholinesterase) decreases TS symptoms79 -81, though others observed little effect82. There also exists a striatonigral projection releasing the inhibitory transmitter y-aminobutyric acid (GABA). Enhancement of GABA-ergic transmission might decrease activity in the nigrostriatal dopaminergic projection and this may underlie the partial relief of symptoms produced by the benzodiazepine clonazepam83.
Another drug used in therapy of TS is the a2adrenergic agonist clonidine84 85. Clonidine is less often effective than haloperidol, but has less intrusive side-effects59' 8485. Clonidine may act by reducing activity in the noradrenergic neurons arising from the locus coeruleus. However, clonidine also inhibits serotonergic activity86, which may also be abnormal in TS"4. The serotonin precursor L-5-hydroxytryptophan has little effect on TS tics and vocalizations, but aggravates the behavioural symptoms77. Clonidine seems to be more effective in treating behavioural aspects of TS than in tic control24 84, so perhaps the motor and behavioural features of the disease have their bases in different transmitter systems.
Conclusion
Gilles de la Tourette syndrome is an uncommon disorder with onset in childhood characterized by repetitive muscular tics, involuntary vocalizations, and coprolalia. The tics seem to be produced by a different neural mechanism than that producing normal voluntary movements, and they may have a subcortical source. Successful treatment with neuroleptic drugs such as haloperidol suggests that the disease may arise from functional overactivity in the dopaminergic innervation of the basal ganglia.
